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within the unusual chromatin domain are not tran-A Pivotal Role of the Coiled Coil
scribed. In S. cerevisiae, three silencing information reg-of Sir4 ulator (Sir) proteins, Sir2, Sir3, and Sir4, are required at
the silent mating-type HML and HMR loci to prevent
expression of the opposite mating-type genes (Rine and
Herskowitz, 1987). The same proteins are required for
The C terminus of Sir4 forms a coiled-coil structure. silencing at telomeres, while Sir3 and Sir4 are not
The coiled-coil domain is responsible for the dimeriza- needed for silencing at the rDNA region (Gottschling et
tion of Sir4 and contains the binding site of Sir3. Struc- al., 1990; Moretti et al., 1994; Hecht et al., 1996; Moazed
tural and biochemical analyses of the Sir4 coiled-coil et al., 1997; Strahl-Bolsinger et al., 1997; Bryk et al.,
domain provide important insights into the molecular 1997; Smith and Boeke, 1997). Sir2, Sir3, and Sir4 form
mechanisms of Sir3-Sir4 interaction and the assembly a multiprotein complex, and they are recruited to the
of a ternary Sir2/Sir3/Sir4 complex that are essential silent chromatin domain through direct and/or Sir1-
for epigenetic control of gene expression in S. cere- mediated interaction with silencer-bound DNA binding
visiae. proteins such as Rap1 and the origin recognition com-
plex. Sir2 is a NAD-dependent histone deacetylase that
deacetylates lysine 16 of histone H4. The Sir proteins,Transcriptional silencing is an epigenetic mechanism of
controlling gene expression in eukaryotes. Genes lo- with the exception of Sir2, are unique to the budding
yeast. Nevertheless, the Sir2/Sir3/Sir4 complex appearscated in certain chromosomal regions are stably re-
pressed. This heritable, transcriptionally silent state is to be an apparent functional homolog of heterochroma-
tin protein HP1 in higher eukaryotes; the Sir protein com-caused by an altered chromatin structure that can be
propagated from one generation to the next. Examples plex spreads along the hypoacetylated silent chromatin
domain, while HP1 spreads within the heterochromaticof silencing include mating-type loci in fission and bud-
ding yeasts, position effect variegation in Drosophila, region containing methylated lysine 9 of histone H3.
Both genetic and biochemical studies showed thatand X chromosome inactivation in mammals.
Studies of transcriptional silencing in Saccharomyces Sir2 and Sir4 form a stable complex at the silent mating-
type and telomeric loci, while the association of Sir3 withcerevisiae have considerably advanced our understand-
ing of fundamental principles of epigenetic control of the Sir2/Sir4 complex appears to be regulated (Hecht et
al., 1996; Strahl-Bolsinger et al., 1997; Renauld et al.,gene expression (Rusche et al., 2003). Silencing nucle-
ates near a specific DNA sequence, called the silencer, 1993; Ghidelli et al., 2001; Hoppe et al., 2002). Sir3 inter-
acts with a C-terminal region of Sir4, within which aand spreads into surrounding sequences. The silenced
genomic region forms a stable higher-order structure predicted coiled-coil motif is located at the very C termi-
nus. In this issue of Structure, Chang, Moazed, Ellen-characteristic of heterochromatin, and genes located
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berger, and coworkers show that the C terminus of Sir4 depth genetic, biochemical, and structural dissection of
the Sir2/Sir3/Sir4 complex during the establishment andindeed forms a parallel coiled-coil structure (Chang et
maintenance of silent chromatin domains.al., 2003). Although the coiled-coil structure conforms
to the classical “knobs into holes” packing, amino acids
occupying the a and d positions of the pseudo-heptad Rui-Ming Xu
repeats deviate from a typical composition. Neverthe- W.M. Keck Structural Biology Laboratory
less, the coiled coil is stable, which unequivocally dem- Cold Spring Harbor Laboratory
onstrates that the full-length Sir4 forms a dimer via the Cold Spring Harbor, New York 11724
coiled-coil interaction.
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alysts to specific polysaccharides and enhance catalyticHow Carbohydrate Binding Modules
efficiency by increasing the effective concentration ofOvercome Ligand Complexity the enzyme on the surface of insoluble substrates.
CBMs are grouped into a number of discrete families
based upon amino acid sequence similarity. Subtle dif-
ferences in the structure of CBMs can lead to very di-
The first crystal structure of a carbohydrate binding verse ligand specificity (Boraston et al., 2002; Simpson
module in complex with a substituted oligosaccharide et al., 2000). Thus, CBMs in complex with their respec-
has provided important insights into how these pro- tive ligands present excellent systems for dissecting the
teins are able to target the backbone of complex poly- molecular determinants that define the structural basis
saccharides that are extensively decorated. for protein-carbohydrate recognition.
The three-dimensional structures of CBMs have
Protein-carbohydrate recognition plays a pivotal role in shown that these protein modules are composed almost
key biological processes. These macromolecular inter- exclusively of  strands arranged in a “jelly roll” motif
actions are central to host-pathogen recognition, cell- whose topography reflects the macroscopic nature of
cell communication, cellular defense mechanisms, pro- the target substrate. Modules that interact with crystal-
tein trafficking, and the recycling of photosynthetically line cellulose, for example, display a planar hydrophobic
fixed carbon through the degradation of the plant cell surface that is thought to interact with adjacent chains
wall. Microbial enzymes that catalyze plant cell wall hy- on the surface of the crystal lattice (Tormo et al., 1996).
drolysis have a modular structure in which noncatalytic Conversely, CBMs that bind amorphous cellulose, man-
nan, or xylan possess clefts, which interact with a singlecarbohydrate binding modules (CBMs) target the biocat-
